INTRODUCTION
Lipids are ubiquitously distributed compounds that play fundamental roles in the architecture and functionality of all living cells and therefore are most commonly studied as components of foodstuff and important energy source in the enteral nutrition. Lipids also serve as a source of three families of unsaturated fatty acids (ω-3, ω-6 and ω-9). These three families of fatty acids, represented by its parents member, α-linolenic, linoleic and oleic acid have numerous interrelationships which have considerable clinical impact. Ingested food containing lipids can significantly alter postprandial drug absorption and its bioavailability 1, 2 . From the stand point of oral drug delivery, lipids are studied namely as components of various oily liquids and dispersions 3, 4, 5, 6 that are designed to increase solubility and bioavailability of drugs belonging to the class II. and IV. of the biopharmaceutical drug classification system 7 . The reasons for the increasing interest in lipid-based systems are many-fold and include: -an improved understanding of the manner in which lipids enhance oral bioavailability and reduce plasma profile variability, -better characterization of lipidic excipients, -formulation versatility and the choice of different drug delivery systems, -an improved ability to address the key issues of technology transfer and manufacture scale-up.
Although the physical and chemical formulation-related factors are generally well understood, the impact that physiological factors can have on the performance of lipid-based dosage forms is often less well appreciated. Little attention has been paid to possible alteration in drug metabolism caused by lipidic vehicles used in commercial dosage forms.
Oils administered as a drug vehicle may, for instance, exacerbate changes in hepatic cytochrome P 450 -mediated xenobiotic metabolism that are often reported following ingestion of dosage form . Vegetable and animal oils may have differential effects on specific hepatic CYP isoforms and may add to the variability in metabolism when xenobiotics are administered in lipid-based vehicle 8 .
EXPLANATION OF NOMENCLATURE
There is no strict definition of the term lipid that is generally accepted. Lipids can be grouped into the following categories based upon their chemical composition. Homolipids Homolipids are esters of fatty acids with various alcohols. The principal materials of interest for oral delivery vehicle are long chain and medium chain fatty acids linked to a glycerol molecule, known as triacylglycerols. The long-chain fatty acids ranging from C 14 to 24 appear widely in common fat white the mediumchain fatty acids ranging between C 6 and 12 are typical components of coconut oil or palm kernel oil.
Depending on the carbon chain length, the number and position of double bonds, stereospecificity, triacylglycerols have different physical and chemical properties. Most naturally occuring fatty acids, both of plant and of animal origin are the cis-configuration, although trans-fatty acids are known to occur also in seeds oil from different plant families (Ranunculaceae, Lamiaceae or Asteraceae), natural food products (milk, meat) and some partially modified dietary fats (margarine) 9 . Structured lipids are triacylglycerols that contain mixtures of either short-chain or medium-chain fatty acids or both, and long-chain fatty acids, preferably esterified on the same glycerol molecule 10 . These were successfully synthesized by lipase-catalyzed interesterification between long-chain fatty acids ethylester and fractionated coconut oils or between caprin/capryl ethylesters and long chain oils 11, 12 . Four different molecules of the structured triacylglycerols are schematicaly depicted on figure 1 (the two molecules at the bottom figure exist in two stereoisomers each).
Several well known pharmaceutical excipients are also obtained from marine lipids.
Fish oils are often used for human consumption as food supplements. Appart from pharmacopoeial Omega-3 acid triacylglycerides and Fish oil, rich in omega -3 acids, where origin of the ω-3 polyunsaturated fatty acids is the body oil of the fatty fish species, in liver oil of certain species of shark and elasmobranchii fish, glycerylethers of the 1-O-alkyl-2,3-diacyl-sn-glycerols are the important component 13 . Ether lipids are used as potential anticancer agents mainly in the prevention of leucopenia caused by γ-radiation 14 . Diacylglycerols are found in vegetable oils in low amounts (between 1 and 10 %). They are formed as intermediate products in biosyntesis of triacylglycerols, as well as by acidic and enzymatic hydrolysis during oil extraction, refining and storage. Simultaneously, isomerisation processes produce changes in the composition of the diacylglycerols. Knowledge of the quantity and composition of diacylglycerols is, therefore, of great interest for the evaluation of the quality of the oil and of the treatments to which the oil is subjected 15 . The non-glyceride fraction of vegetable and animal oils (unsaponifiable matter) consists of a mixture of minor lipids component such as sterols, squalene, triterpenic alcohols and vitamins (tocopherols, calciferols, retinol).Each of these components of the unsaponifiable matter has specific functional properties of great importance for topical formulations but practically nothing is known about its impact in oral formulations. Only patients wit sitosterolemia have a very high absorption rate of phytosterols and show serious side effects leading to to premature atherosclerosis.
Heterolipids
The emphasis of this chapter will be on the phospholipids only. Two main classes of phospholipids occur naturally in qualities sufficient for pharmaceutical applications. These are the phosphoglycerides and phosphosphingolipids. Some phosphosphingolipids such as ceramide are used mainly in topical dosage forms.
Phospholipids can be obtained from all types of biomass because they are essential structural components in all kinds of membranes of living organisms. However, commercial sources are largely limited to vegetable oil seeds such as soyabeans, for pharmaceutical and some dietetic application, the egg yolk and milk have gained also importance as sources of phospholipids 16 . The most commonly used term for phosphoglycerides is "lecithin". Our understanding of the trivial name lecithin is still unclear, even today. Contrary to the understanding of the term lecithin as 1,2-diacyl-snglycero-3-phosphocholine (= phosphatidylcholine), the word is also used in USP/NF monograph to describe a complex mixture of phospholipids, triacylglycerols, glycolipids, carbohydrates, sterol, diacylglycerols and free fatty acids. In the draft of pharmacopoeial monograph Soya Lecithin 17 is also defined as this complex mixture.
Processing of the complex lecithin mixture usually starts with deoiling with acetone. The content of phosphatides determined as matter insoluble in acetone must be in pharmacopoeial quality not less than 50 %. Further extraction of the standartized native soybeen lecithin by ethanol and chromatographic separation using aluminium oxide enables the manufacture of phospholipid-enriched lecithin fractions with completely new functionalities. The phospholipids in the lecithin complex have different chemical structures. Various processing methods have been developed, by which phospholipid fractions with differently enriched phospholipids are acquired. The removal of most of the glycerides and fatty acids of lecithin produces "deoiled" lecithin with a 90 percent or more phospholipid content. The phospholipids contain two fatty acid chains (hydrophobic tail) usually with even carbon number. The fatty acids may be saturated or unsaturated and their configuration is nearly always cis. Phospholipids are, therefore, non-homogenous materials with mainly saturated acyl chains at the sn-1 position and unsaturated acyl chains at the sn-2 position. Fatty acid distribution in individual phospholipids from one source differs and may become a quality criterion for their application in pharmaceutical dosage forms. Recently, the distribution of fatty acids in the phospholipids according to the differences in carbon number and degree of unsaturation by micellar electrokinetic chromatography was described 18 . Enzyme-modified lecithins are prepared mainly from various types of crude or deoiled material, using either purified phospholipase A 2 or pancreatin. Use of this enzyme allows the removal/replacement of the acyl chain at position sn-2 either via hydrolysis and subsequent chemical reesterification or through direct interesterification with an acyl donor. The resulting products contain lysophospholipids and fatty acids as well as other components of lecithin. Inactivated phospholipase and calcium chloride are also present in such enzyme-modified lecithins (Ca ions are required for the enzyme activation). In accordance with FDA decision the use of enzyme-modified lecithin as an emulsifier in foods is generally recognized as safe.
The enzyme that has the specific capacity to catalyse the hydrolysis of the acyl chain at the sn-1 position is not commercially available.
Modification of the polar heads of natural or synthetic phospholipids by phospholipase D has been applied in the industrial preparation of less-abundant phospholipids and for preparation of modified ether phospholipids. Phospholipase D hydrolyses L-α-phosphatidylcholine to phosphatidic acid and choline. In the presence of an alcohol,transphosphatidylation can occur with different degrees of selectivity depending on the nature of alcohol and its concentration.
Complex lipids
Lipoproteins are spherical lipid-protein complexes that are responsible for the transport of cholesterol and other lipids within the body. Structurally, lipoprotein consists of an apolar core composed of cholesterol esters or triacylglycerols, surrounded by monolayer of phospholipid in which cholesterol and one or more specific apoproteins are embedded.
Natural lipoproteins are defined into four major classes called chylomicron, very low density lipoprotein (VLDL), low density lipoprotein (LDL) and high density lipoprotein (HDL). The different lipoproteins vary in size and density and show differences in lipid and apoprotein composition. The physicochemical properties of these lipoproteins are mentioned in the following table. 
FORMULATION APPROCHES
The bioavailability of lipophilic drugs when administered orally as solid dosage forms is notoriously low. There are usually several factors responsible for this, but a particularly widespread problem is poor absorption due to slow and/or incomplete drug dissolution in the lumen of the gastro-intestinal tract. In this case, improved bioavailability can be achieved by the use of delivery systems which can enhance the rate and/or the extent of drug solubilizing into aqueous intestinal fluids.
For a lipophilic drug compound, the principle objective is to achieve a formulation where the drug is dissolved in the liquid vehicle. Once present in the gastro-intestinal tract, the liquid vehicle is diluted by the surrounding physiological fluid. During this dilution stage,the lipophilic drug may remain in solution, may form a liquid dispersion or it may precipitate as a fine suspension.
By selecting the optimum liquid vehicle composition, it is possible to minimise or eliminate precipitation of the drug.
There are several different categories of vehicles which can be selected in order to prepare a lipidic carrier. Such formulations can be used as oral liquids or can be encapsulated into various types of capsules. The Lipid-based vehicle for oral drug delivery 20 finished product is then administered to the patient as a solid dosage form.
Lipophilic liquid
Some lipophilic drugs such as steroids have appreciable solubility in triacylglycerols alone. It is therefore comparatively straightforward to administer the drug in an oily liquid (e.g. encapsulated) and thereby achieve satisfactory absorption. One disadvantage of this formulation approach, however, is that oil alone rarely provides the solubilizing power to dissolve the required dose in a reasonable quantity of oil. This limits the option of using a simple drug / oil formulation system.
Self-emulsifying oil systems
The ability of an oil to accommodate a hydrophobic drug in solution can be improved by the addition of surfactants. The surfactants also perform the function of dispersing the liquid vehicle on dilution in gastrointestinal fluid. Hence, the drug is present in fine droplets of the oil / surfactants mixture which spread readily in the gastro-intestinal tract.
Micro-emulsifying systems
Micro emulsions consist of a lipophilic or oily phase in combination with one or more surfactants such that the resulting liquid is almost clear. The lipophilic drug is therefore dissolved in a formulation containing hydrophilic surfactant and oil which produces a micro-emulsion preconcentrate. Micro-emulsion particles are essentially surfactant micelles swollen with solubilized oil and drug.
Solid lipid nanoparticles-To overcome the disadvantages associated with the liquid state of the oil droplets, the liquid lipid was replaced by a solid lipid leading to the formation of solid lipid nanoparticles. In contrast to emulsions, the particles consist of a solid core made from solid lipids. They are characterized by a mean diameter between approx. 100 to 1000 nm. There are two basic production techniques for solid lipid nanoparticles, homogenization of melted lipids at elevated temperature ( Figure 2 ) and homogenization of a suspension of solid lipids at room temperature or below (Figure 3) .
Liposomes
In liposomes, amphiphilic phospholipid molecules are arranged in a closed spherical bilayer. The lipophilic fatty acids component of the molecules are facing each other. Liposoluble drugs can be embedded in the "fatty" regions, while hydrophilic substances are held in the aqueous internal spaces of these globular vesicles. Their ability to convey, protect and penetrate can be exploited also in oral drug delivery.
Modified lipoproteins
Lipoproteins can be directed to nonlipoproteins receptors, specifically to various types of liver cells, by providing the apoprotein with recognition marker. This can be achieved by semisynthetic modification of the LDL or HDL.
Endothelial liver cells have a receptor called "the scavenger receptor" which specifically recognises negatively charged ligands 20 . The parenchymatous liver cells and Kupffer cells have galactose specific receptors 21 . Incubation of lipoproteins (LDL or HDL) with lactose and sodium cyanoborhydrate or incubation of LDL with acetic anhydride leads to modified lipoproteins which can be effectively used as drug carriers.
Another similar system "Supramolecular Biovectors" synthetically prepared, was constructed so as to mimic LDL 22 . The novel systems are composed of an external phospholipidic shell, on to which appoproteins are anchored. The lipoproteins lipidic core is replaced by cross linked natural polysacharide which has been acylated on its surface fatty acids to give it a peripheral hydrophobic nature. These LDL mimicking particles (size range from 10 nm to a few microns) allow the entrapment of various drugs, not only lipophilic.
POTENTIAL CARRIERS
The following tables list the pharmacopoeial vegetable oils and animal fats and oils of natural origin, used most commonly for manufacturing of lipidic oral formulations. A number of vegetable oils have been in pharmaceutical use for a long period in the entire world (e.g. maize oil, olive oil, sesame oil) while the others are typical only for some territories (e.g. camellia oil for Japan, wheat germ oil for Europe, safflower oil for United States). The oily excipients could be selected according to the fatty acids composition. Typical fatty acids composition of the pharmacopoeial vegetable oils, fish oils and semisynthetic oils are demonstrated in tables 7, 8 and 9.
Vegetable oils are obtained from the seed, the fruit or the pit/stone/kernel of various plants. They may be obtained by expression and/or extraction, than possibly refined or hydrogenated. When the plants have high oil content, the oil is generally obtained by expression under heating followed by extraction. When the plant has a low oil content,the oil is generally obtained by direct extraction. The oil obtained by cold expression without heating is named virgin oil.
After obtaining a crude oil, alkali refining or physical refining is usually performed.Alkali refining consists in the following steps: degumming, neutralisation, washing and drying ; physical refining consists in steam distillation of the oil under high vacuum at a temperature > 235 °C. Technique of the physical refining cannot be used for heat sensitive oils (cottonseed oil) which darken. In high purity applications the oil may be purified by passing the oil through a column containing an activated earth (superrefining oils). High polarity molecules such as oxidised materials, acids and alcohols are preferentially removed.
The objective of refining is to remove impurities and contaminants of the oil. The contents of the following substances are reduced: -free fatty acids which may cause deterioration of the oil by oxidation, -partial glycerides which may cause foaming and bitter taste, -phosphatides and phosphorous compounds which have emulsifying properties, may cause claudy aspect or deposit and bad organoleptic sdtability, -colouring matters such as chlorophyll, carotenoids or gossypol, -free hydrocarbons and glycolipids which may form colloidal solutions with water, 
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-heavy metals which are strong oxidation catalysts (Fe, Cu, Pb, Sn) and residual hydrogenation catalysator (Pt, Pd), -proteins having possible allergic reactions or mycotoxins (as aflatoxin of arachis oil), -pesticides, oxidation products, paraffins, waxes and resinous materials,unsaponifiable matters (e.g. lignins, sterols, tocopherols). Unsaponifiable matter of pharmacopoeial vegetable oils do not usually exceed 5 %. However, there are some oils which contain higher amount of unsaponifiable matter due to phytosterols (sheanut oil) or squalene (amaranth oil). Sterol composition of the pharmacopoeial vegetable oils and limits of unsaponifiable matter are listed in table 10. In nature, plant sterols occur primarily in the unhydrogenated free form.Their intestinal absorption is less than 5 % and plasma levels are generally less than 1 % of cholesterol levels.
Medium chain triacyl glycerols may be useful as drug carriers, as they are thought to have no pharmacological action 23 . They are the subject of intraluminal hydrolysis and are mainly absorbed as free fatty acids. Intraluminal digestion, uptake by the mucosal cells, and transport to the systemic circulation of medium chain triacylglycerols and long chain triacyl glycerols are distinct 24, 25 . Their potential for promoting bioavailability has been known for many years, but e.g. ciclosporin is absorbed from medium chain triacyl glycerols significantly lower than with long chain triacyl glycerols 26 . Partial glycerides of saturated and unsaturated fatty acids are also used as pharmacopoeial excipients. Partial glycerides are defined as mixtures of monoesters,1,3-diesters ,1,2-diesters and triesters of glycerol which may be obtained either by glycerolysis of vegetable oils and hydrogenated oils or by esterification of glycerol with corresponding fatty acids. Monoacylglycerols are the simplest and the most commonly used group of functional lipids,but practically exist only as an equilibrium mixture of about 90 % of the 1-isomer and 10 % of the 2-isomer 27 . The pure 2-isomers, which today can be prepared to a reasonable purity enzymatically, exhibit different physical properties and are not commonly used because of price reason.
Unsaturated monoacylglycerols, depend on the water content form various lyotropic liquid crystalline phases, which can be used as sustained release carriers of amphiphilic drug molecules 28 . Mono and diacylglycerols of medium chain fatty acids have a multifunctional properties. The main use is as absorption enhancer. Due to its tensoactive properties it can be used as emulsifier for microemulsions. Their capability of retarding the growth of sensible microorganisms is well known.
Each pharmacopoeial partial glyceride of fatty acid is characterized by its nominal saponification value, its nominal fatty acid content and its nominal monoglyceride, diglyceride and triglyceride content. It contains not more than 7 % of free glycerol. When partial glycerides are produced from tissues of mammalian animals or other materials obtained from warm-blooded animals, the animals must fulfil the requirements for the health of animals suitable for human consumption to the satisfaction of the competent authority. Furthemore the tissues shall not include any specified risk materials as defined by any relevant legislation. Table 11 lists the pharmacopoeial partial acylglycerols.
Closely related to the partial acylglycerols are partial acylglycoles based on ethylenglycole, diethylenglycole and proplylenglycole. Acylglycoles may form a substantial part in lipids of some marine animals (e.g. star fish) or microbial lipids 29 . The Pharmacopoeia Europea contains individual monographs of the ethyleneglycol monostearate, ethyleneglycol monopalmitostearate, diethyleneglycol monopalmitostearate, propyleneglycol monostearate and propyleneglycol monopalmitostearate.
The components of the pharmacopoeial soybean lecithin differs according to the plant variety, climate, degree of ripeness and processing conditions. Structural diversity of the phospholipid molecules is reflected in the differing physycal and chemical properties of the phospholipids.
Phosphatidylcholine(PC) is a good oil/water emulsifier and the most characteristic excipient of the liposomes. At a physiological pH, phosphatidylcholine has a zwitterionic structure. Salt formation with divalent cations such Ca 2+ is therefore only slight. Relative size of the hydrophilic head group,which is larger than that of phosphatidylethanolamine and phosphatidic acid, gives the fatty acids "tails" greater freedom of movement. This enables a lower transition temperature from liquid to crystalline structure than is the case with other phospholipids. In practice it is possible to influence viscosity reduction and flow behaviour in fats to a greater extent with the phosphatidylcholine-enriched fractions than with native soybean lecithin.
Phosphatidylethanolamine (PE) is a good co-emulsifier for phosphatidylcholine.This property is demonstrated by the superior efficacy of the defined phosphatidylcholine/phosphatidylethanolamine mixtures as compared to undefined mixtures in both water/oil or in oil/water emulsions. Like phosphatidylcholine it has a zwitterionic structure and is therefore insensitive to divalent ions when dispersed in water. Compared to phosphatidylcholine,phosphatidylethanolamine has a smaller head group. This means that if phosphatidylethanolamine is incorporated in a bilayer membrane the fatty acids have limited freedom of movement. This results in restricted deformability of the membrane and 20 to 25 °C higher transition temperature from the crystalline to the liquid state. Unlike phosphatidylcholine, phosphatidylethanolamine -being a monosubstance -does not form a bilayer membrane in water and therefore does not form liposomes either. Nevertheless, biological membranes always have some phosphatidylethanolamine content. It functions to stabilize the membranes; stability is achieved by closer packing of the molecules.
Lipid-based vehicle for oral drug delivery
Wheat germ oil Virgin, Refined Unsaponifiable Matter 
is uninegatively charged and has a relatively large hydrophilic head group. It forms salts with divalent ions. In liposomes phosphatidylinositol creates a negative charge and also hydrophilizes the surface of the membrane. Phosphatidylinositol has a special significance in biological membranes; by way of enzymatic splitting it gives rise to substances that carry biochemical messages through the cell membranes into the interior of the cells.
Phosphatidic acids (PA) are dinegatively charged, since the phosphoric acid is only singly esterified with the glycerol skeleton. Incorporated in biological membranes, liposomes and micelles phosphatidic acids stabilize these particles as the electric charge present prevents them from fusing with each other. Since the head group requires very little space, the fatty acids are highly restricted in their movements. Phosphatidic acids therefore cause limited deformability in liposomes. In water,phosphatidic acids combine with divalent ions to form salts that may precipitate. 
SUMMARY
The rapid design of well-absorbed formulations for poorly water-soluble drugs continues to be problematical. The lack of regulatory acceptance of some lipid based carriers has limited their adoption for commercially available product. This paper has described formulation routes in which pharmacopoeial lipids are used as carriers of a lipophilic drugs.
Unfortunately, the wording, the style and the limits of individual monographs on homolipids in European Pharmacopoeia, United States Pharmacopoeia and Japanese Pharmacopoeia are not yet harmonised and vary from one pharmacopoeia to another.
Widening range of acceptable carriers based on heterolipids and modified lipopoproteins is also subject of this mini-review.There is a large number of potentially useful new phospholipids whose properties are claimed, especially in the patent literature, which still await for industrial application in pharmaceutical dosage forms. All sites of phospholipids can be selectively modified by enzymatic catalysis.By coupling the phospholipase action with well-established chemical transformations, natural and unnatural phospholipids can be prepared.They offer a useful formulation route for drugs that, until now have been difficult to to administer oraly. For better understanding how to design and evaluate lipid-based peroral formulations may serve recently published reviews 30, 31 .
